
Activation of complement by an IgG 
molecule without a genetic hinge 
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Th* Unite reaion links the two Fab anna to the Fc portion of the 

a^nnectinartruetare between the two ^«^ to * < "°£ 
l^nSip** between the Fab and Fc part,. An three 
pV^eXta^ebetn proposed to be Important tor «^yf 
IgG to Initiate complement acUvatio. V«fl^ to Mmptoent- 
Sedated cell lyACCML) 1 . Here we report ^cowttncti« of. 
MAce-deleted moose-homan cUmaerie IgG3 molecule wttb 
SSSTfor the hapten NIP t*^*^*^ 
SSicetyD, HM-1. HMl lack, the genette Wnae, bi.tha.an 
bZScyiteine between AU»1(EU munberinaj MdPro 
232 in the lower hinge encoded by the C„2 exon. The 
cysteine forms a disulphide bond between the ^^. c *^°! 
So molecule. In CML. HM-1 show, a 
wild type. This b the first time an IgG motecnk without a genetic 
Sige been found to be active In CML . We conclude that to* 
iunge functioning as a spacer Is not a prerequisite *°r component 
activation. Rather, its major role seems to be to f**^ 0 ^^ 



temovingaufourhir^ 

/pi,, 2aY On a nomeduciog sodium dodecyl sulphate-* 
poWaoybrmide gel electrophoresis (SDS^PAGB) f^ Nj 
SSon of mO molecules run as (WJ^ 
mofecuto (Fig. fc). In the mutant HM-1 (Hg. 2b) aj cysteine 
wSodi^ed between Ala 231 and Pro, Z*2 in mO by in vitro 
mutagenesis. SDS-PAGE analysis of HM-1 showed no pie- 
Srf H-L half molecules (Kg. 3a) . A. mO and HM-1 are 
identical except for the taWducedqfi^ 
tart chains are connected through a disulphide bond in this 
portion. HM-1 was active in CML, and even inore acto man 
IaG3 wild type under different antigen concentrations and 
an^enpatctoess, whereas mO lacked CML ^ v J y 1 "^^?J^ 
fFk 4VTbc mutant ml5, which was made by deleting three- 
hinge exons from the Cy3 gene and therefore contains a hinge 
re don of 15 amino adds encoded by one remaining J^ «on 
only 1 , showed CML activity comparable u jMMj 
these CML assays, antigen was introduced to the target ceU 
surface, varying both the antigen concentration and anti^j 
patchiness. Regardless of whether the target cells had a tow, 
medium or high antigen concentration and antigen patchiness, 
both HM-1 andmlS initiated lysis more effectively than normal 

Naturally occurring IgG molecules with rig d andshort hinges 
show reduced complement activation ability 3 . It has been 
suSsted that this phen^enon is due to the two Fab arms 
covering the binding site for the first component of the 
complement system^, on me C„2 domain ^^ mvoNg 
thekmino acids Glu 318, Lys 320 and Lys 32*. Segmentel 
flexibility between Fab arms and Fc (reviewed in ref. 5) depenos 
onmelengmofthcupr^b^^ 

the C H 1 to the first mtcr-heavy-chain disulphide bond in toe 
hinge region 6 . We and others 4 ™ have constructed artificial 
chimaeric mouse-human IgGs where the hinge region of active 



RG 1 Restriction maps of Immunoglobulin gene con- 
structs: a. Restriction map of the human 0y3 gene. 
Exons are shown as boxes, h, H/ndM. bg. StfAI. P. 
st Styl s. Sph\ and b. BamHI. Pan and SamHI sites 
outside* the 2.6 Wtobase (kb) gene construct resides m 
the pUC19 polyllnker. b. The mO gene construct c, 
C« C*3 fragment as It la Inserted Into the M13mplfl 
QOtytinKer. Ah asterisk martcs the site of the mutation. 
METHODS. A 2.6-kb WndlU^SpM fragment containing 
the full-length gene of human Cv3 (G3m(b°) allotype) 
(a) was suboloned Into PUC19 2 . The Cy3 gene was 
partially digested with Pstl. The resulting gene con- 
struct obtained, ml5. contained only the h4 hinge 
axon. ml5 was linearized by digestion with Bglkl The 
linearized plasmld was then subjected to exonuctease 
HI and SI nuclease digestion. After a Klenow end-filling 
reaction. B&U linkers were added before ligation. A 
plasmld that had thereby lost its h4 exon had also lost 
part of the Cm! exon. The gene construct was digested 
with H/ndill and Bgfll and combined with a complete C H i 
exon on e Hln6\U-Bgl\\ fragment to give the mO gene 
construct (b). The template for the mutagenesis was a 
1 3kb BamH\-Bgl\\ fragment containing the C„3 and 
C«2 exons. This fragment was subcloned into the i 
BemHI site of the polyllnker of M13mplfl (c). In vitro 
mutagenesis waa aa described 19 . The mutagenesis 
oligonucleotide primer was as follows: 
ff<saWtccteagcctgccctgaactc^ Nucleotides coding for cysteine 
(underlined) were thus inserted Into the C„2 exon and the mutant 
sequence waa verified by automatic DNA sequencing by the Sanger 
dideoxy chain-termination method 20 . Only the sequenced part of the 
Ca2 exon encoding the N-termlnal region was used, ^e rest of me 
C^Ch3 fragment was exchanged with a wllcWype > C*2-Ck3 Sr/h 
fragrrwrrt of 950 base pairs (bp) (a). ™ 
fragment (c), was then cloned into a pUC19 vector containing the 
0.9-kb ChI HlntiU-Psti fragment The mutant Cy3 gene construct 
was finally cloned into the pSV2gptVKP shuttle vector 21 aa a 2. 2Kb 
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H/ndm-SsmHI fragment Transfectlon was done by elecu^rattonof 
jESm as desc^'- 22 - ^ segment of »e p^^ 
expresses the Vreglon characteristic of a ^W*^ ln :^""Z 
mou^^ibo<tyWrecognizes the hapten Nl^ J558L does not 
produce an Immunoglobulin heavy 

chain. The mutant chlmaeric antibodies produced by the wn^ectc- 
maa thus have specificity for the hapten MP. Clones r«« selected In 
Zium conteffmycopnenollc ado^and xa^ne. screened for 
antibody production by BJSA 2 and subiected to limiting dilution. 
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FTO 2 Models of chlmaeric mouse-human mutant tgG. a t Model of 
rno' produced as H-L half molecules. Shaded domains ara murine 
and open domains are human. The heavy chains am not connected as 
the genetic hinge Is deleted. The resulting conformation of the 
molecule is that of an open structure as there are noncovalent 
Interactions between domains 7 , b, Model of HM-3- The heavy 
chains are covalently linked by a dlsulphlde bond provided by the 
Inserted cysteine asthesecond amino acid of the lower hinge. 
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FIO. 3 SOS-PAGE gel (12%). The lanes contain: 1/mO tnutant 2. 
lgQ3 wild type; and 3, HM-1 mutant/a. Without dfthlothreltol (DTT) 
treatment b. Treated with lOmM PVT. IgG, H*U; HL, heavy and light 
chain; H wt wild type heavy chain monomers; H mutants, mutant 
heavy-chain monomers; L, light-chain monomers. 
METHODS* Antibodies were Isolated from 1 litre of cell culture 
supernatants by affinity chromatography on an NlP-Sepftarose col* 
umn and eluted with the hapten NIP as described 2 ; then analysed by 
SOS-PAGE on a 12% gel as described 24 . 



IgO molecules has been made short and rigid by removing 
amino acids in the N-temiinal region. These molecules lost none 
of their complement activation potential. Thus, segmental 
flexibility has been shown to be of no importance fbrCML-But 
the hinge region seems to be necessary for complement activa- 
tion because all IgO mutants without the genetic hinge so far are 
inactive 740 ' 11 . The middle, or core hinge, contains cysteines 
mediating disulphide bonds between the heavy chains and a 
rigid polyproline core which separates Fab from Fc^ u . In the 
Dob and Meg molecules, both without genetic hinge, the light 
chains are disulphide-bonded to each other, and the crystal 
structures of these molecules show that the distance between 
Fab and the Ch2 domains is very short 14 ! 15 . It has therefore been 
proposed that the binge may serve to create space between the 
Fans and the Fc part of the molecule, allowing Clq to interact 
with its binding site on C»2. Because HM-1 lacks the genetic 
hin ge region , the distance between the Fab arms and Fc must be 
short. Therefore, it seems likely that the ability of the hinge to 
provide space between the Fab arms and Fc is not necessary for 
complement activation. Neither does HM-1 have an upper 
hinge, as there is only a single amino acid between the end of 
C H 1 and the first inter-heavy-chain disulphide bond, namely Ala 
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231. This amino acid belongs to the lower hinge encoded by the 
C H 2 exon. Segmental flexibility between the Fab arms and Fc is 
therefore not necessary for complement activation. Rather we 
observed that the presumably inflexible HM-1 molecule acti- 
vated complement better than the corresponding IgG3 wild- 
type molecule regardless of antigen concentration and antigen 
patcbiness. We also observed this phenomenon when testing 
m!5, which has a short and rigid hinge 716 . It seems as though the 
long and flexible hinge of IgG3 wild type reduces its CML 
potential. Clq binding to rigid molecules may be energetically 
favourable compared to the flexible IgG3 molecule, as the loss 
of entropy on complex formation is greater for a flexible 
molecule than for a rigid one. 

Our mutant HM-1 and the proteins D ob and Meg all consist of 
two heavy chains and two light chains (H^ But unlike HM-1 , 
both Dob and Meg have the two rf-L half molecules disulphide- 
bonded through linking of the light chains 1344 and neither can 
complement fixate 10,11 . Because the HM-1 molecule has CML 
activity, there must be conformational differences between 
these proteins regarding access to the Clq binding site. A clue to 



FIG. 4 CML activity induced by NlP-spedfte antibodies 
measured In a "Cr-release assay. The target cells were 
sheep red blood cells (SRBC). and the hapten NIP waa 
introduced on the cell surface conjugated to anti-SRBC 
Fab fragments. For 1 x 10* SRBC a total of either: a, 
low amount 80 ng NIP with NIP 4 Fab; or b. high amount 
2,000 ng NIP with NlP^ab. HM-1, hinge-deleted lgG3 
with an introduced cysteine; mO, hinge-deleted igG3; 
ml5, lgQ3 with genetic hinge of 15 amino acids; tgG3, 
lgG3 wild type. 

METHODS. The CML assay was done by varying antigen 
concentration and antigen patch tnese as described 
previously 7 . Briefly, target cells, 51 Cr-SRBC, were 
allowed to react with NiP-conjugated rabbit anti-SRBC 
Fab' fragments. Serial dilutions of chlmaeric antibodies 
were then added to the target cell suspension and 
human serum was used as the complement source. The 
cytotoxic index (CI) was calculated according to the 
formula: 

%CI = c.p.m. (test)-c.p.m. (spontaneous) x 100 
c.p.m. (max)- c.p.m. (spontaneous) 
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Taidkncephaton Is a cmnpla and , 1 ?^! 

Srf^oughout development, each unit «™*»»°** to a 

ff£££«lwentity of ^^ h ^jl .SS^ 
™ta£comMiiatkm of geM* 4 " 13 . niaintataed by ^«"£~J~| 
rertrictions. A comparison of vertebnite and arthropod 




'STmorpholog.cal studies have b-.W£ 
nri^X baste units of pattern formation in the forebram, ^ 
S^have come to irrecondlable conclusions. We ^ now 
SKne development of the en.bryomc*e^phato| £ the. 
"embryo by P sca»ning e ^^^f^K 
oattem of transverse furrows and ridges is ^ n '£P ea "7 
^T«t^«oaterior axis of the third yentncle (Fig- U). Four 
^oTSSSLd , which we designate ^ neurome^ 

^S^L^i ^...nce fD4/M: staged (ref. 22), D1/D2. 
630 



planted In PBS, P"*;^™^ 2 596 dutaraldehyde and 0.025* 
of Dr U. Ruttehauser. 
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